JOURNAL OF VIRAL HEPATITIS

Journal of Viral Hepatitis, 2011, 18, 608-618

doi:10.1111/j.1365-2893.2010.01342.x

Evidence for separation of HCV subtype la into two distinct

clades

B. E. Pickett,l R. Striker 23 and E. ] Lefkowitzl "Department of Microbiology, University of Alabama at Birmingham,
Birmingham, AL, USA; *W. S. Middleton Memorial Veterans Administration Hospital, Madison, W1, USA; and >Departments of Medicine and Medical

Microbiology & Immunology, University of Wisconsin, Madison, WI, USA

Received January 2010; accepted for publication April 2010

SUMMARY. The nucleotide sequence diversity present among
hepatitis C virus (HCV) isolates allows rapid adjustment to
exterior forces including host immunity and drug therapy.
This viral response reflects a combination of a high rate of
replication together with an error-prone RNA-dependent
RNA polymerase, providing for the selection and prolifera-
tion of the viruses with the highest fitness. We examined
HCV subtype la whole-genome sequences to identify posi-
tions contributing to genotypic and phenotypic diversity.
Phylogenetic tree reconstructions showed two distinct clades
existing within the 1a subtype with each clade having a star-
like tree topology and lacking definite correlation between
time or place of isolation and phylogeny. Identification of
significant phylogenetically informative sites at the nucleo-
tide level revealed positions not only contributing to clade
differentiation, but which are located at or proximal to
codons associated with resistance to protease inhibitors (NS3

0Q41) or polymerase inhibitors (NS5B S368). Synonymous/
nonsynonymous substitution mutation analyses revealed
that the majority of nucleotide mutations yielded synony-
mous amino acids, indicating the presence of purifying
selection pressure across the polyprotein with pockets of
positive selection also being detected. Despite evidence for
divergence at several loci, certain la characteristics were
preserved including the length of the alternative reading
frame/F protein (ARF/F) gene, and a subtype la-specific
phosphorylation site in NS5A (S349). Our analysis suggests
that there may be strain-specific differences in the develop-
ment of antiviral resistance to viruses infecting patients who
are dependent on the genetic variation separating these two
clades.

Keywords: bioinformatics, drug resistance, hepatitis C virus,
phylogeny, selection pressure.

INTRODUCTION

Hepatitis C virus (HCV) infects nearly 3% of the world’s
human population (more than 170 million people), resulting
in chronic liver disease, hepatocellular carcinoma, and/or
cirrhosis [1,2]. HCV is a member of the Hepacivirus genus of
the Flaviviridae family with a genome that consists of a sin-
gle-stranded, positive polarity RNA molecule that is
approximately 9.6 kilobases (kb) in length. The RNA gen-
ome contains a single open reading frame that is translated
into a polyprotein and cleaved co- and post-translationally
by host and viral proteases into three structural (C, E1, E2)

Abbreviations: ARF/F, alternative reading frame/frameshift protein;
C, Core protein; E, envelope protein; HCV, hepatitis C virus; HVR1,
hypervariable region 1; IRES, internal ribosomal entry site; NS,
nonstructural protein; SNAP, synonymous nonsynonymous
analysis program; UTR, untranslated region.
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and 7 nonstructural (p7, NS2, NS3, NS4A, NS4B, NS5A,
and NS5B) proteins that interact with each other and/or
with host proteins to facilitate viral replication in the cell.
Another protein, the alternative reading frame (ARF) or
frameshift (F) protein, is produced following either a + 1 to
+2 ribosomal frameshift or by translation initiation at an
alternative start site within the C gene [3,4]. The viral 5" and
3’ untranslated regions (UTRs) consist of elaborate RNA
structures including an internal ribosomal entry site (IRES)
in the 5" UTR, which interacts with multiple proteins [5,6] to
permit cap-independent translation initiation.

Because of polymerase fidelity and selection pressures [7],
HCV exists as a quasispecies [8,9] within its host. The virus
has diverged over time into several different lineages, clas-
sified as six distinct genotypes, each with multiple subtypes.
Only 75-86% [10,11] nucleotide identity exists between
isolates of the same subtype, while an average of 72% [12]
nucleotide identity is present between isolates of different
genotypes. Currently, all genotypes are clinically treated
with interferon and ribavirin, but the specific infecting
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genotype influences both the dose and the success rate of
therapy. For HCV subtype 1a, which is the most prevalent
subtype in the United States [13], roughly half of the patients
can be successfully treated [14]. Nonresponse to anti-viral
therapy has been attributed to various host, environmental
[15], and viral causes — including pre-existing mutations or
mutations triggered by treatment [16,17]. Nonresponse due
specifically to viral causes is especially interesting as it has
previously been theorized that it is not merely one (or sev-
eral) position(s) causing such resistance to treatment, but
rather a synergism existing between multiple positions
scattered across the genome [18]. In this study using com-
plementary sequence analysis methods, we were able to
demonstrate that HCV subtype la isolates can be further
separated into two distinct sub-genotypes with potentially
different phenotypic characteristics that may reflect differ-
ences in treatment response.

MATERIALS AND METHODS

Alignments and sequence metadata

All available HCV subtype 1a whole-genome sequences were
obtained from the Viral Bioinformatics Resource Center [19]
database (http://www.hcvdb.org) and GenBank in Novem-
ber 2008 (Supplemental Table S1). This represented 447
sequences. Nucleotide multiple sequence alignments were
constructed with MUSCLE [20] and refined within the
polyprotein coding region using ClustalW [21] as imple-
mented in MEGA version 4.0 [22]. Manual editing of the
multiple sequence alignment ensured that the nucleotide
alignment of the polyprotein coding region was codon-
aligned so as to not disrupt the reading frame within the
alignment itself. Highly conserved coding motifs such as
those within the viral RNA-dependent RNA polymerase and
helicase genes served as anchors points to ensure accuracy
of the overall alignment. Outside of the polyprotein coding
region, the 5" and 3" untranslated regions (UTRs) were well
aligned overall, especially at more conserved anchor points
such as the viral IRES element. Only a small subset of the
sequences required the insertion of gaps to bring them into
alignment with the rest of the sequences. As there were more
sequences available from one of the two newly recognized
clades identified during our analysis, a subset of the original
447 sequences were used to construct a separate alignment
using 240 sequences consisting of 120 representative
sequences from each clade so as to not bias the statistical
results.

The 447 sequences used in this analysis were derived from
samples taken from 397 individual patients with geograph-
ical data available for 322 of the sequences (72%), temporal
data available for 307 sequences (69%), and treatment
outcomes available for 20 patients (comprising 69, or 7% of
the sequences). For these patients, multiple samples were
obtained that represent pre- and post-treatment isolates.
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No other isolate metadata were available at the time this
analysis was performed.

Phylogenic analysis

Maximum likelihood phylogenetic trees were reconstructed
using GARLI version 0.951 (http://www.bio.utexas.edu/
faculty/antisense/garli/Garli.html). The parameters were set
to run until no topology improvement was observed for
10 000 consecutive generations with the substitution
nucleotide general time-reversible model, using default set-
tings for all other parameters. Geotemporal points of isola-
tion were obtained from the respective GenBank sequence
records.

Significant informative sites

Subtype 1a sequences were separated into two groups based
on the results of the phylogenetic tree reconstructions. Perl
scripts were used to perform chi-square tests of association
on the list of 4205 parsimony-informative sites acquired
from an alignment containing codon-aligned whole-genome
sequences from MEGA to identify all sites (including gaps)
that significantly contributed to distinguishing the two
clades. A Bonferroni correction was then performed on the
data set to yield the final list of 282 statistically significant
sites that differentiated the two clades from each other.
Informative sites were categorized as ‘hotspots’ if there were
three or more clade-informative sites within a contiguous
string of 10 nucleotide bases.

Synonymous/nonsynonymous mutation analysis

The synonymous nonsynonymous analysis program (SNAP)
[23] (http://www.hiv.]lanl.gov) was run locally to calculate
nonsynonymous/synonymous (dyx/dg) substitution ratios,
from the codon-aligned nucleotide sequences. The calcula-
tion of comparative statistics, including standard deviation
and variance, was not possible because of the large size of
the results. Those regions having high nonsynonymous
mutation values (defined as multiple adjacent high-scoring
positions with at least one position having a SNAP score
>1.0) in the SNAP average per-codon behaviour (dy/dg)
results were categorized as being under positive selection
pressure.

RESULTS

Phylogenetic separation of subtype la

To determine the variation in HCV subtype la sequences at
the nucleotide sequence level, we examined the maximum
likelihood phylogenetic tree reconstruction for various rep-
resentative HCV subtype 1a sequences with representatives
from all other genotypes and subtypes (Fig. 1a). After noting
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Fig. 1 Phylogenetic trees showing evolutionary relationships between HCV isolates. Maximum likelihood phylogenetic trees
are presented that demonstrate the separation of the HCV 1a isolates into two distinct clades. An unrooted maximum
likelihood phylogenetic tree of 94 representative HCV 1a whole-genome sequences together with sequences from (a) all other

genotypes and subtypes, or (b) the same representative subtype 1a s

equences with outgroup sequences from subtypes 1b and

1c. Sequence names were removed for clarity. Maximum likelihood phylogenetic reconstructions containing 240 HCV 1a
sequences are shown as either (¢) unrooted, without sequence names for clarity, or (d) rooted trees.
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that the HCV subtype 1a sequences were separated into two
clades, we constructed a separate tree with the same subtype
la sequences along with outgroups from subtypes 1b and 1c
(Fig. 1b) for increased resolution. We confirmed these results
by constructing separate maximum likelihood phylogenetic
trees containing just the 240 subtype la sequences con-
sisting of equal representatives from each clade (Fig. 1c,d).
The various phylogenetic tree reconstructions showed that
two distinct clades were present within the HCV subtype 1a
branch. Isolate sequences present within each of these clades
displayed a significant star-like topology. Such an observa-
tion would result from a genetic ‘bottleneck’ among the
ancestral sequences for each clade, which was then followed
by sequence divergence within the progeny sequences. As
separation among highly homologous sequences is com-
monly because of differences in either the time [24] or place
[25] of isolation, we examined the isolation data associated
with each sequence and found no correlation existing
between either the time or location of isolation and the clade
in which the sequence was placed (data not shown).

Inter-clade-informative sites

To identify the individual nucleotide positions that contrib-
ute most to the inter-clade differentiation, a list of all 4205
phylogenetically informative sites from the codon-aligned
multiple genome alignment was assembled. A chi-square test
of association was applied to identify all sites possessing a
statistically significant nonrandom distribution of bases
between the two clades. This analysis yielded a list of 282
informative sites that significantly differentiated the two
clades (Supplemental Table S2) with p-values ranging from
3.53 x 1072* to 1.15 x 107°. The number of clade-infor-
mative sites that separate the two clades from each other
was tallied within each genomic region as follows: 1 site in
the 5" UTR, 3in C, 28 in E1, 55in E2, 8 in p7, 24 in NS2, 49
in NS3, 4 in NS4A, 21 in NS4B, 47 in NS5A, 42 in NS5B,
and O in the 3" UTR. It is interesting that so many clade-
informative sites exist within the NS3, NS5A, and NS5B
nonstructural coding regions because such regions account
for resistance against multiple antiviral compounds. It is
unknown whether or not some of the sequences used in this
study included sequences from patients treated with protease
inhibitors, though samples from patients identified as
receiving treatment received the standard combination of
interferon and ribavirin. However, several clade-informative
sites were identified within codons at the nucleotide level
that are translated into amino acid residues that have been
shown to be involved in protease inhibitor resistance (NS3
Q41) [26] and viral polymerase inhibitor resistance (NS5B
H95, and S365) [27]. Additional codons containing nucle-
otide-informative sites located proximal to other functional
amino acid residues were also identified (Table 1). Fourteen
regions where clade-informative sites were clustered
together were found scattered throughout the genome,
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forming clade-informative “hotspots” (Fig. 2) at nucleotide
positions: 1062, 1065, 1068, 1328, 1331, 1335, 1356,
1359, 1364, 1633, 1640, 1641, 1646, 2988, 2990, 2991,
2999, 6905, 6911, 6914, 6917, 6923, 7230, 7232, 7233,
7235, 8580, 8581, 8585, 8891, and 8894.

Purifying selection pressures

SNAP was used to examine the synonymous and nonsyn-
onymous substitution mutation ratios through a codon-
by-codon pairwise comparison analysis using the method
described by Nei and Gojobori [28]. Overall, there were
approximately 3.8 times as many pairwise identical
(67 816 832) as synonymous substitution classes
(17 801 620) and 4.25 times as many synonymous as
nonsynonymous (4 188 972) classes. There were also
2 138 124 small insertions/deletions present within the
pairwise comparisons. When we examined the location of
each informative site within their respective codons, 48
significant nucleotide clade-informative sites were present at
the first codon position, 17 sites at the second position, 216
at the third position, and 1 site in the 5" noncoding region.
Previous quantitative analyses concluded that the majority
of mutations in the 3rd position of the codon are synony-
mous, while the majority of mutations at either the 1st or
2nd codon positions are nonsynonymous [29]. Our analysis
showed that the majority of informative sites were synony-
mous (silent) mutations—complying with the known degen-
eracy [30] that exists within the genetic code and verifying
that HCV 1a isolates contain relatively conserved amino acid
sequences [16]. There were also multiple cases of individual
codons having a relatively equal nonsynonymous/synony-
mous ratio, resulting from a distribution of both similar and
dissimilar codons. In such cases, SNAP reports an almost
equal nonsynonymous/synonymous ratio that infers a lack
of (or neutral) selection pressure.

To determine whether different selection pressures were
present in either of the two clades separately or combined,
we examined the average pairwise comparison output from
the various SNAP tests. Each of the three separate analyses
was run with all sequences from either of the two clades, or
with the combined set of sequences. Similar dg values, which
measures the Jukes-Cantor-corrected synonymous substitu-
tion rate, between the sequence sets (0.2150, 0.2314, and
0.2774 for clades 1, 2, and combined, respectively) were
found. Nearly identical dy values, which quantifies the
Jukes-Cantor-corrected nonsynonymous substitution rate,
were observed (0.0217, 0.0221, and 0.0250). Neither
the dy/ds, which measures the ratio of nonsynonymous
to synonymous substitutions (0.0999, 0.09588, and
0.09002), nor the Pyn/Ps value, which quantifies the
uncorrected ratio of the proportion of observed nonsynony-
mous to synonymous substitutions (0.1133, 0.1098, and
0.1061), were noticeably different. The dy/ds and the Py/Pg
ratios, which are indicative of selection pressure(s), are each
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Fig. 2 Genomic Representation Showing Clade-informative
Sites with Potential Public Health Impact. The translated
polyprotein is depicted with the protease cleavage sites
marked by black vertical lines and are shown with
nucleotide positions in black referencing the first nucleotide
of each mature protein. The mature structural proteins are
labelled in red, while the nonstructural proteins are labelled
in black letters. Cyan symbols indicate the two regions
displaying positive selection pressures as measured by
SNAP. The amino acid positions corresponding to the
positive selection regions are specified in cyan letters above
the polyprotein depiction. Magenta symbols represent the
fourteen regions containing high concentrations (or
“hotspots’’) of phylogenetically informative sites. Stacked
symbols indicate overlapping ‘‘hotspots”. The individual
nucleotide positions (in strain H77) are identified in
magenta letters below the polyprotein representation.

less than 1 for all analyses, indicating the presence of puri-
fying selection across the entire coding region [31-34].
Purifying selection involves the conservation of sequence
regions throughout evolutionary history, presumably
because of functional constraints. In comparing a set of viral
isolates, a reduction in the rate of nonsynonymous muta-
tions along with a stable (or increased) rate of synonymous
mutations for a particular coding region in comparison with
other coding regions is one indication of purifying selection
pressure. Our SNAP results suggest that purifying selection
may play a role in sequence conservation both at the codon
and at the whole-sequence levels within both clades. We also
analysed the SNAP statistics for the phylogenetically infor-
mative sites from the combined sequence set. None of these
sites showed strictly nonsynonymous changes, although
161 exhibited both nonsynonymous and synonymous
mutation classes, and 120 were strictly synonymous. There
were no clade-informative sites for insertions/deletions
(indels), and only 1 was located in a noncoding region.
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Regions of positive selection

With an overall indication of purifying selection pressure, we
hypothesized that there might be specific areas within the
coding region that may possess a higher rate of nonsynon-
ymous mutations as such cases have been previously
reported [35-37]. Upon examination of the SNAP results, we
identified two regions as having elevated nonsynonymous/
synonymous SNAP ratios — confirming positive selection
(Fig. 2). Interestingly, several individual codons within these
variable regions were found to maintain a preference for
synonymous substitutions, or purifying selection.

The first region found to be under positive selection pres-
sure was in the N-terminus of the E2 protein. This region,
spanning the polyprotein codons 384-404, had 4 clade-
informative sites and had been previously described as
hypervariable region I (HVR1) [38,39] in the E2 protein.
Positive selection in this region has been ascribed to a
dominant B-cell epitope [40,41], with increased variability
associated with increased chance for viral persistence [39]
and decreased variability being associated with viral clear-
ance [42]. The second positive selection region is found
between codons 500 and 524 in the polyprotein, which is a
known epitope target for both B cells and T cells [35,43-46].
This region has four clade-informative sites and also lies in
the E2 coding region. Thus, although purifying selection
pressures are dominant across the genome to maintain
functionality, regions undergoing positive selection still exist,
presumably as a mechanism to escape attack by the host’s
immune response.

Antiviral response by clade

To ascertain whether the distinct subtype 1a clades respond
to antiviral treatment differently, we reconstructed a maxi-
mum likelihood tree consisting of 447 whole-genome
sequences, which included the 240 sequences included in
the original tree reconstruction. Both the clade separation
and the star-like topology of the tree were maintained when
the additional sequence data were included (Fig. 3). Clinical
response data for 40 clinical isolates from 20 patients have
been previously sequenced by the Virahep-C study group
[16] and were categorized as either relapser (patient had no
detectable viral RNA immediately after antiviral treatment,
but viral RNA was detectable 6 months after therapy) or
nonresponder (patient had detectable viral RNA after
antiviral treatment). The treatment response data for these
sequences were identified and overlaid onto the phylogenetic
tree. This data revealed that for the 15 clade-1-infected
patients having available clinical data, eight were catego-
rized as relapsers and seven were nonresponders. In the four
patients who were infected with a clade 2 virus, 1 was a
relapser and 3 were nonresponders. For 19 of the 20
patients, the sequence obtained before therapy and the
sequence isolated after therapy were closely related.
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Fig. 3 Phylogenetic Tree Showing 447
HCV 1a Sequences along with
Virahep-C Clinical response data. A
maximum likelihood phylogenetic tree
reconstruction containing all 447

7040

6025

nonchimeric HCV subtype la
whole-genome sequences that were
available in November 2008. Both
clades are labelled in black. Sequence
names lacking clinical data were
removed for clarity. Virahep-C study
group clinical drug-resistance data
were also included with isolates being
sequenced both before (pre) and after
(post) treatment and classified as either
responders (R) or nonresponders (N).

7040

6025501454 Sequences were colour-coded as

7043

Clade 2

0.1

Curiously, one patient who was observed to have a relapsing
infection was initially infected with a clade 1 quasispecies,
which was then replaced by a dominant clade 2 quasispecies
after antiviral treatment. While the one patient who cleared
a clade one virus and relapsed with a clade two is note-
worthy, it is unclear whether this anomaly was because of
clade 2 isolates being more resistant to treatment, because
of the specifics of this patient’s immune system, or because of
the random chance of isolating a co-infecting clade 2 viral
RNA instead of clade 1 viral RNA from the patient, or a
combination of these possibilities. Given the number of
mutations that would be required for any genomic sequence

011

follows: cyan = pre-N, blue = post-N,
Red = pre-R, and Orange = post-R. Of
particular note is the dominant
quasispecies isolated from patient 6030
that changed from clade 1 to clade 2
either during or after treatment.

to change from clade 1 to clade 2 (or vice versa), it is almost
impossible that the introduction of random mutations into
the genome would account for such a clade switch.

DISCUSSION

In this work, we use phylogenic analysis to show that sub-
type 1a HCV can be sub-categorized into at least two clades.
Both clades are represented by isolates taken from various
cities in the United States and Europe at various times. The
informative sites distinguishing clade 1 from clade 2 are
distributed throughout the genome but are particularly
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concentrated in the E1, E2, NS2, NS5A, and NS5B coding
regions (Fig. 2). Sequences in each clade form a star-like
topology within the genotype la phylogenetic tree, which
suggests the presence of two ideally infectious or optimally fit
master genomes from which the viral sequence can drift to a
limited degree within the clade-specific subgenotype.
Although the two clades differ from one another, they each
maintain at least three common subtype la functional fea-
tures that distinguish the 1a subtype from all other subtypes.
One such conserved feature is a +1 to +2 reading frame shift
during translation of the C protein that results in the pro-
duction of the alternative reading frame (ARF) or F protein.
There is very little divergence in the N-terminus of core in
either the standard reading frame (+1) or the alternative
reading frame (ARF/F protein) (+2) reading frame and no
informative sites that alter the length of the +2 reading
frame within the N-terminus of core, This ARF/F protein has
the same termination codon in both 1a clades, which makes
it 18 amino acids shorter than its length in 80% of 1b iso-
lates [47]. Additionally, a subtype la-specific phosphoryla-
tion site is maintained in both clades at S349 of NS5A,
which is not a phospho-acceptor site in other HCV subtypes
including 1b [48]. A third defining la feature is in NS5B
coding region in which both 1a clades sites were similar to
each other but distinct from 1b codons that alter in vitro
sensitivity to cyclosporine [49].

All but one (which was noncoding) of the clade-informa-
tive substitutions had a low nonsynonymous/synonymous
ratio, suggesting that purifying selection pressure may be
present either because of selection at the amino acid level to
maintain protein structure or because of other RNA or pro-
tein functional constraints. But even within synonymous
codons, the presence of one codon versus another may
influence that rate at which particular phenotypes may arise.
For example, depending on the codon being utilized at a
particular amino acid position, a change in only one of the
codon’s three bases may be needed for a virus to become
resistant to antivirals. But in some cases, if a different syn-
onymous codon is present, a change in two or more nucle-
otides may be necessary to achieve the same result. This
raises the possibility that one subtype or clade may be more
prone to development of drug-resistance mutation(s) than
the other. For example, HCV genotype 1b genomes require
two mutations to convert the NS3 155 codon from arginine
(CGN), where N is any nucleotide, to a protease-resistant
lysine (AAR), where R is a purine [50]. An analysis of this
codon within the HCV 1la clades demonstrates that both
clades only require a single point mutation to switch from an
arginine (AGR) to the protease-resistant lysine (AAR). As
more drug-resistant mutations are characterized, we antici-
pate that additional subtype and clade-specific codon biases
may be found. Analyses such as these are dependent on the
accuracy of the genomic sequence of the virus isolates
obtained for the study. In reality, the virus population present
in any one patient represents a quasispecies population of
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related, but variable genomic sequences. Problems with the
analysis of quasispecies populations of viruses are partially
mitigated by the fact that the isolate sequences utilized in our
analysis were in general obtained through PCR of the mixed
quasispecies population and therefore represent a consensus
sequence of the virus genome population within each host.

Altogether, 161 of the 282 clade-informative sites have a
higher nonsynonymous ratio. Many of these changes result
in conservative amino acid changes and may be limited to
sites with significant functional RNA structural phenotypes.
Nevertheless, such sites could be important on a protein level
for small-molecule inhibitors. Nucleotide position 5390
(amino acid 1683) contains an informative site in which the
consensus residue differs between clade 1 and clade 2 and is
known to be near or within the portion of NS4A that binds
and allosterically activates NS3 [51]. Another site within
this complex is either a lysine (clade 1) or a glutamine (clade
2) adjacent to the histidine of the catalytic triad of the pro-
tease. Domain 3 of NS5A was found to contain clade-infor-
mative sites that may influence response to cyclophilin
inhibitors [52].

Both genotypes la and 1b respond poorly to current
therapy when compared to other HCV genotypes. Despite
multiple studies, no specific amino acid variants have
unequivocally been shown to confer resistance clinically to
either interferon or ribavirin. Correlations with response
have been made when pretreatment sequence contains a
number of mutants (usually >4) in defined regions [53,54],
although both the definition of this heterogeneity and the
magnitude of the effect differ between studies. What is
unclear is whether or not the accumulation of polymor-
phisms causing the deviation from the “ideal” consensus
sequence is a result of a partial host immune response or of
the antiviral therapy and whether such polymorphisms
cripple the fitness of the virus. Regardless of which of these
mechanisms is acting, this work suggests that clade-specific
consensus sequences rather than subtype-specific consensus
sequences maybe a useful comparator. We acknowledge that
having clinical response data from a sample size of only 20
patients is insufficient for statistically significant conclusions
to be drawn as to the resistance profiles between the two
clades; however, we anticipate that this scenario will change
as more sequence data along with associated metadata are
obtained in the future. As either the 5" UTR or a 222 base
fragment of NS5B [10,55] is the loci most commonly used to
genotype HCV in the clinic, and given that there is one site
within the 5" UTR and several sites within the NS5B geno-
typing fragments that differ between clades 1 and 2, this
sequence information could be combined with clinical data
to begin to address the question of which clade, if either, is
more resistant to therapy. Analysis of the data by examining
variation between phylogenetic clades as opposed to analysis
of individual amino acid differences between pairs of
sequences may provide a more robust method for addressing
this issue.
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In conclusion, we were able to identify a statistically sig-
nificant evolutionary divergence of subtype 1a HCV isolates
into two distinct clades that cannot be attributed to either
geography or time of isolation. In addition, there was a
suggestion that response to therapy may be partially pre-
dicted by the clade membership of the infecting virus.
Therapeutic studies of clade 1 and 2 HCV 1a viruses will be
needed to definitively assess their response to treatment.
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